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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce contact resistance with a 
metallic electrode by moving holes to adjacent p-GalnN and p-GaN 
and increasing the hole concentration by providing a thin film of 
carbon added AIN, in which the hole concentration is high, near the 
electrode metal. 

SOLUTION: Triethyl gallium and monosilane are made to flow over a 
sapphire substrate crystal 1 1 with ammonia and hydrogen as carrier 
gas and an n-GaN layer 12 is grown. Then, triethyl gallium and 
trimethyl indium are made to flow in ammonia gas flow and GalnN 13 
is grown. They are changed into triethyl gallium and bis 
cyclopentadienyl magnesium and a P-GaN layer 14 is grown. Then, a 
carbon added p-AIN layer 15 and a p-GalnN layer 16 doped with 
magnesium are grown. Thus, the p-GalnN layer 16 to which holes are 
moved to the adacent carbon added p-AIN layer 15 and p-GaN layer 
14 and the hole concentration can be improved. 
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*mtmm k.mw.2 ^mi^mm±.izm^ £ titz&mn 

flc«*liil«3r <fciAl, N £-£tfSS 1 ¥*S#cJI t . m. 

ft 1 =t 0 A 1 ffij&fcbaffiV *S 2 ¥#ffcJI:&» * 

0 , floii 1 ^ttUfcti C &m\l ZtlX^&ZkZ 

[M83H3] ±iESS2¥3Ef*:Wi. GaNMGa I n 

[ ft ^ji 5 ] ±i en 2 ¥*f*fBtti** ±ie» i ^rnfam 
k±ism2^mi^m^^Kizmm t^mmmi^t 
hzk zw&Lk -t&mem 1 cKR^NWfeisR^ . 
[ if 6 ] ±f e^hhsm ia , ism 2 ¥mfom * ^ 

-tsm^ib i nmmsm 5co\^-rti^nzmm^m^ 

imicrffimztRfm 

[00 0 1 ] 

imiomt&imsmi *%tm±. a u Ga, in 

m<niimjtm<0'J?%:< ki> lUkN, P. As. Sb 
[00 02] 

Al (T^S-^A) , Ga 
A), In M y*J*7Jx) mC0\\\m : KM<r>^tc< k fc 

litN (a*) , p (tt) „ as (aft*) , sb (r 

*t*J9fW III - VM^t^ftil ^r-f 

L T N $■ #0 1 1 1 - Vftj^W«M B B B ( jar , awt 
k vfJH ) ^^#c^*T^«W k LTii@£;fl 

[00 03] SMfciftifmWWi^i: LX^Wtm&cr>%3t 

m^-k LXM^t>tix\*&&. zcD^utzm^zti&m 
m . ^pffi * ^rt & B B B tc mzMmtn& 

X fg6 2^1 9^ ( 1 9 9 3¥) 312 3 9 OK (A PP 



1 . Phys. Lett. , Vol . 62, No . 19, (1993) , pp2390 ) iZtS ^ 
X. S.Nakamura^ti. Wb¥A ^~ r-*0:£Jgfl$iJi£p- 
GaNJ|(ZNl/Au £S*LT7FMLTn 

0.005Q ■ cm2ggt*>l. (£f5#R&rtSteJ3lT» »X 

[0 0 04] ^;^T¥«ffc7tefPmiu nlW^Sftl 

iE±«fcSHMarxifL*»Etr i o izftmztitimm 

■f^< pMTI^^#*-ri.4 i «#;il (±34^p-GaNit 

is p m¥mfom±.Mzmz &m$m& htzh mmmmi 

[0005] ^m^ytm^ — -jxhhtmem 
mpmmrbt!:hw&tmz& \ ^x . mmmm 

OTV^„ III^TuSi: LTGa<7)fflfi5,JtSrtft<-f-^^ 

kn, mm^m^ib. i.-oxm^zti&&mwmmfr 

Mg (H— T) $fLTV^ c M 

g7u3S^Ml3 ( K— 'ti'M t LTGaNiCiA? 
tt-Si:, IIIil7C3lW;-BGai:M&fll*>4. iWfc&, 
MgliGa t£b^*C ftJ'f-MttT^ 1 oi!«Sr nil ^7C^t' 

fc*/S«>, IE4:*:xfc&9|3|B*£mSaa* (dr^UT) 
CDl-OT-^>l.iE?L£Jitt-r^ < , ffioT. GaNfliGa 

N ^> v ^ n ^ffifiK * L * *»6 **-ir* L v ^ 

[0006] L^U p S^ttll iLTMg iWtiVcth 
G a Ngtf t*3ft^M gC0TM^P^.;t-^< (^150m 

eV) . Z\cofz&'&&fcm&l%£XTki&^z\kX'$>&<, 

C\(Dtz^>^ ?SJD*Sr 1 0 19 — 1 0 2C cm-si L*C fcGa 
NJfcfK^i-f--5»iETL{i:3x 1 0 17 cm-^m'lMz^t. 

■tir^rv^ W. 2 ^TSm\i:mm<nlMXh 1 Ga Nif/v 
COMg^JaSS: 1 0 21 cm-3JJLh(C*||jDS-a-*i:Ga 

n mtTy^Hmmmzgit l . 757? h 
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ft G a NJStzmU LtzMS, GaNJI««ffi 

itL<7Mik ttetzt Xfo h . 

[0 0 0 7] i^j; d^raSti:. tMfi^GaN 
efffiflS-f-S^-O^^-f . Gal n NSTH^-f--?. 

fcflJffl$ft.5A 1 Ga I nPTMtS. ^LT. afb 
[00 08] 

flsommjauiftTtf * t fc & mm¥Mx^mm,com 

3ri^. ^t-CS^ffi^ffi^gMffiiiiffiMtciO. was 
L , VSKft&iBW ( il^s 3 y * ? h JiXii^f >y Tii 

[ o o o 9 ] m-ox^ m^m^mm^Mg v-twg a 
ni^g a i nNmx'ffim-&mt<r>¥Bfbym?T 

tt. i^cfca&StfftiS^iT^k^IiU^ 
[0010] — ifi^S i C (JfcftSX) SfiLht* 

(MOCVDS) -CC (ft*) ftfefjD 

(A 1 ,O s ) S8Lhfc:jSS§-*feC*JRSnL5S:V^A 1 N 

HBC Jt-^T 8 «f ffi l< *St* * MS L fcfeStf* . Top i ca 1 
Workshop on 1 1 1— V nitrides (1995^9^, AbstractsB 

-mm) v%mztix^& ( ;®isw«*kit, ^ 

#Sk#-T£) . iO^^R^TJi, nlWSiClt 

<w>„ c h-tcopma i Nm^mim^m^m=F^ 

[0011] ^WJWgSttJ: a k-rSDBHti. «1M 
[0012] 



fWBJfchfc^Snfc AM«M k ft#^. IS l 
«ttStfSS 2 1 1 - VW^tt¥#*Ci 

>9ffM£tu m24 i ##««{i^< k i> A l , Nft^- 
trl& l ¥>i#;/i k . m 1 iOAl fflHSJrfc^ffil ^ 

r i: ft#Ski-£^BJ(7)^#:^|g^t 

[0013] ^mcommcomm^ , mm±.mz±.mco 
m i *mmn® tm2 m*imm ft m&sm t , m 2 # 

»*fflJ5!{±t^Kii^«ffiftJFM Lfc^mMtofcST- ftCT 
tKBW-S. iitT, 2ocD^#c««iik^tM-f™ 

If h tz#>{z\i^ MM izm LX v ^ 5 a^fe^^Jio^ -v 

^)jEIU(lSii-frV^-ffV^5 X 10"c m- 3 ^Jgt'S5£ 
#\ ^ixft 1X1 0 1! cm- J K 1X1 0 19 cm- 3 tC|p] 

±-r£,Ik^S»$ti-l». i^lttML. *^#J4 
^2^#:^ft±3®<7)^#StllB*^ii5tc ¥~r 

pIA 1 NI (^Sft^DPLJtAlNJg) rMf&t&ZLt 

fr|g 9 |k^7 i ntg^ft?fMt--g» k S^K'«^> K^f 
7-fe -y h^'±# < £ 0 . SI^TItSiE^tLt; < < ^tS k 
^ 0 raM* ft GaAstGaAlAs^MS 

vifLfftMffliS) lfflj&itfta^&k. fE^RVWffi 
^F®** i O^^MA-T h VF-Tk WEFL ft ^ n y ^ "T £ 
i-5:S^Rt«r&*>fet?-**. -7f. A 1 NiO^MW 

l(g(?)/jNSV^GaN^> I nN^OCi^SDft^Wk^t<7) 

<7). a i NXfr^titzmv^mA^i&Ttemmx^ 
~r. ^x^^urmmmnza^mm^B^^zA 1 n 

tflpfct h Z. k *%fi®*C* h k ^JUr Lfc . 

[0014] *wnma. &2¥m#mt (mm.m%$n 

7«BI»t#*tfc*S*, i«fMm<HA l , 
N ft-irtfSg 1 ^#;J1 k . *13H»WteH(»UI.o£ 

*l J: 0 A 1 ffltftlfciOfiV ^ 2 k T-ffifl5c L . 

<ktmi4 i »#:JitCftm&[rr§ikft#SL3t 0 i 
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[0 0 15] §^tC*%0Jc?)»tia^«#>-I.C&^ , 9 . 2 

a o co^isit^tforr n— ^-ffih&. io(±, m2¥ 

1 ^#:JiOjf $ (± 1 0 nmlilT (MtM4L<(±. 3 
Nfli i: LTffifK LT „ >! coJifc b V */l^S6#ig*i& 

d ioi±, m2*mikmi>A 1 t-^ftrawtL, 34 l 

<i±^<7)ii^^c^^S[rf-^ihTfc§„ ^co±§-£\ H 

2^#;^^#:T= 3 f j f 'J T^Jg£iSi6&<r bifflffit 
l£2*S#;Mw«$[J^fg*yc§ IS 
l4^#:B£AlNJfTlf)£L*:i;#. ^coJl^tS b 
y^l^SttfclRff* 1 * 6 t ^ 5 XjSCt ft* . flSo T , 

®±-^4=3rvU-5t:ffi^;LTt>J;v\ 

[0 0 16] j^^ftffifSfcfctt&JA^ffi 

LTWWS-frfc^JMSi: LT z\<DWM^mm-h b & 

tmm^MbLxmm-hb&VK ttz. mi^m^m 

bLxmmmzmmzm } 9MLxi>&^» z\(D^d^m 
m2¥mikMmiz&n&fctfY)&m&mcD?i.?£t> 

swts*&ik'r'. i«JMat^t* h^n»at*fls 

[00 17] 

( £ 2 ¥3t#« ) 04*5: < t fc mm ( &JSSfiEJf 



xffif&zti&<, z coMmnmrniz Mmztiz ^mnmrn 
it, m^m^mmmbcom^mmcorn-at 
muzmm ) com&^Ai , ti ,m , cr, a#Auj&»s>»f *i 

/S-5^«7C«<7)#Ji25S^{i^JiJKi:-rsc: btm& L 
[0018] 4/c ZcoWMiz^^XStmiMUinm 

( _has«m i ^m»flsji tew a ) t psk-t s aic^¥#* 

JB (±3fi<Otl!f24 s #**fcffiS) trp-GaNXtip-GalnNi: 

Lxf$2¥mimmizf££^-&b z\<?)b%, &m 

h b i. ^ . IB 1 ¥SEflcJtt&tf 2 ¥#«£*c?)ffif£atjf Jf 

ts v ^T J i . £ *x & tf)J! laat/SS 1 
t OWS»#tov t, E Jt L . PIS L-^"5 ¥#**SH 

m^^-mkmz x^x am w Sr mrb^ -s ^s** *> & . 

[0019] $j?>t. iisRjassnAiNS^Bis^ii^sjMh 

•T^##;Jl^P-GaNX(ip-GaInNt L. Z\tlt><V3m.CD 

«H^-i»*fii«^«#LT«^LTi>m\ m^O^ 

[0020] «r»IH&«-te*-?Sflljaswt* 
^HBo^#flc3e*? COM4 L $ HJfi««tM L , OTco 

[0021] <mmm i>mnzx *)*mm&nmt 

9S^«S B H B *^)i£-l>^nM B a B ii^ffM-f-*„ fl: 
^t(±^ B B a R!t*fflcoM^t^h LT h y ^^;WT/U 



[0022] 4^1020 o CtaP»L^-9-y' r -Y TffiKfe HH 



<jo±fcr ^ * - r *i i i>**^v ^ as* y rtf x 

t LT h y iJWkty^^SU STifi 

JK5X 1 0 17 cm- 3 C0n-GaNgl2Sr^5^mfig;^-f-^ o 

-31 VCT y^E— T^SS[tf TfR^iaS^ 750°C fcTtf T 
4, h 'jxWJ^At b y^f-;l/-< >-i^A£»EL. 
T> H— TGaInN13^5nm^-r§ . BU f aK$rl020°CtC 
±(f T* 1 ^ b 'J xf-z^^y ^A b n^y? i^x 

-^'^y^ACf^fi, IE?liiJK4x 10»cm 

-3co P -GaNjgl4Sr2 J wm)S;*-r-g.o ^liV^TTy*- 

r. by^/KTA-s-^A. >f yroA-ycj; 0 ie?l 

iUKl X 1 0 19 cm-3ffi3(7)p-AlNJil5^3 nm. § A> 
^750'CtCTV^^^^A* b-TL/tp-GaInNBl6^ 1 
0 nm^tfXtfi^kZm'T-f&o 
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[0 0 2 3] tC# ^ fl^x; n £ Jpi U nmffil7 
t LTTi/Au, P mm&t LTNi/AuSrS#LT^3fc^ 

ffefti 0 tffi^O . 0 0 1 £2 ■ cm*SKa*f*S>*lfc. 
[0024] <HMS0( 2 >±IBH*SM 1 £i>WCp-AlN 
iil5^p-AlN ( 3 n m ) /p-GalnN ( 5 n m ) CO 1 0 JUIB 
i^lt^Stlf StLfct I^Sttffifiii: LT 0.00 

0 5Q • cm2«^^„ ^com^mM^mm^ 

p-AlNJgC5J5^£ 1 0 nmt[Ef]{tT#5^tiin£-tb'££ 
p-GaInNC0MJ¥Srp-AlNg/pJ; <PS^-S»^ 

[0 0 2 5] 



ffi-f" •?> p-GalnN-^p-GaN (,Z3M tX^tl^M CDjETLit 



[HfficofSijiWE] 

[01 ] *3KJffcJ:4f£Myy F CDffirW £ 7Kf~H"C 

11-^ T T*E!BA. 12— n-GaNJf . 13-TyF- 
:7°GaInNg. 14- ■ -p-GaNif. 15- ■ -p-AlNJf . 16—p-GaInN 

Ji. 17— nWS. 18-pTOo 



[01 ] 
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